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(54) Control of dissolved gases in liquids 

(57) The present invention provides a gas/liquid 
contactor module having hollow fiber membranes and a 
process for controlling dissolved gases in liquids such 
as water, beer and the like, by passing the liquid through 
the shell side of the contactor module to allow addition 
or removal of dissolved gases by the diffusion of the 
gases through the membranes into or from the hollow 
fiber bores. The process permits control of the quantity 
of such dissolved gases as carbon dioxide and nitrogen. 
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Description 

TF ^ H K ir />. cici n of thf INVENTION 

5 Thepresentinventtonrelatestotta^ 

The most common gases to be controlled are carbon dioxide and nitrogen. The raising or lowering of a «»Mrtrrton 
oTa g^tk^e^contactor module containing hollow f toer membranes wherein the , beer f lows trough the shell 
side of the module and gas is controlled by partial pressure regulation in the bores of the hollow fibers. 

10 Fftr-lffiROUND <->FTMF INVENTION 

Carbonation of liquids, particularly for beverages, has taken place for many years. Control of the degree of disso- 
lution d Soon dtaS art her gases in liquids has led to a great deal of experimentation. In some instances, n.tro- 
gen h£ SS^ftTSSu^ and palging of beers and other beverages primarily to -J—e 
Mwriv and from contact with thefbial brewed or bottled produd. In addition, it has been found des.raWe to use n.fro- 

is oErton dioxide per volume of l«,uid, and for the dark stout beers that level « ^ J*J 

customers particularly in Europe express a preference for a tight long-lasting head on dispensed beer, n sp.te of the 
Z^dEZ^^t*^ in beers, which molecules have surfactant properties, the des,red presenta- 
SoTofTtighHong lasting head cannot be achieved with only carbon dioxide in soluBon. This is true becau* , cafcon 
Side is ; able to permeate rapidly through the thin walte of the inftially formed bubbles on the surface of a dispensed 
beer and hence is lost to the atmosphere which contains a low concentration of carbon dioxide 
1,^ 

^rh^toxiSrre^acelost gas would be available. However, this is not normally true because the beer is cold and 
bec^^ 

bon dioxide from solution after the beer has come to rest in the glass. . t „ M * naneanrn 
It Swn that dissolving a quantity of a weakly soluble gas. conventionally nitrogen, in beer prior to dispense pro- 

videsnlS^ 
haslwS 
throughTd^^^^^ 

its new lower eauilibrium concentration at atmospheric pressure when the beer is dispensed. 

recalLe^inLy formed ^^t^m.^Mtmfl^^^^^^^^ 
nudeate pTectortation of dissolved carbon dioxide gas which enters them, causing them to grow and float ^The 
SmafbubMel wwcn collect at the surface thus contain nitrogen and a mixture of carbon d.ox>de and nrtrogen gases. 
B^ause^trogen ^n comparison to carbon dioxide, is less able to permeate through the bubble wall, these bubbles are 
feSysS aS*eyare^ 

caibot,^ 

Se7r to a k« or possibly to a tap. Perhaps the most common transport of the beer for .mmed.ate presentation isf rom 
SeXothX 

« Son o?tne beerOver carbonation can lead to break out of carbon dioxide in the tubing upstr earn of the . *p£» * 
when dispensing from a keg to a tap if there is a significant pressure drop in the delivery tubmg Th,s leads to beer k** 
SougSn J i.e. . predion of excess foam before dispense and at the tap. In an attempt to prevert ove. -Mr 
2 a mbrtuJe of nitrogen and carbon dioxide gases has been used for pressure dispense of togged beers. Atthough 
SSue helps to lessen the likelihood of over carbonation. control of a precise amount of carbonat.cn ,s not f ea- 

M SiW X h trdLed that there is a causal relationship between the use of nitrogen in production! and mixed gas in 
disoense The reasoning is thatHabeer has been nifrogenated inrtially then ^ 

oSeTto m*£ that nitrogenation to achieve the desired presentation effects. However, ttere are three .npi^d 
SLmeTwhich are not Independently achievable with the mixed gas dispense principle These requirements^ are 
55 rSTtofil head pressure on the keg in order to achieve fast dispense flow rates; (2) the correct partel pres- 
ureoTcaXTd^ 

No Jgntont amount of nHrogenation of a keg beer will take place from the mixed gas pressure used for transpo rt 
bec^ie atbest only an equilibrium of partial pressures will be established and diffusion mobility of dissolved gases .s 
vi?^ * stagnan?lk,u?layers. However, nitrogen can be lost to the head space from an inrt.ally nrtrogenated beer. 
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Commercial factors dictate in practice that the two most important requirements are a max.mum total head P~non 
tVe tea S *e correct partial pressure of carbon dioxide. As a result, dispense with m,xed gas .s always tailored to 
^Sbeer^oonation aSd maximizing speed of dispense as opposed to maintaining the correct nrtrogen con- 
tent for the appeal in presentation. 

Several attempts have been made to nitrogenate beer and/or control the carbon dioxide corten of the .bear. In 
Fren* SrtScation 2,684,088. a mixture of carbon dioxide and nitrogen is used as a propellent gas o transfer 
tnTb^S Kg to the tap, The pressure of the propellant gas is varied with me temperature I™** «•» 
stored ce T as to ensure a (instant carbon dioxkie content in the beer. This method .ssarfto mantam thai **mal 
S ^dioxide in beer avoiding any desorption during transfer from the keg to the tap. However. th,s reference 

the^fntS^ 

drawback of sparging out desirable flavor constituents of the beer, reducing rls taste an d appeal There ^als ° ™ * 
h^al arowth in small orifices exposed to the beer, and effective cleaning of these orrfices .s d.ff .cult. This, o course. 

t >X smaT size of bubbles of nrtrogen gas which are needed to influence the presentafon of he dispensed bee . 

US talent 5 029.733 also attempts to introduce nitrogen at the dispense point. In thte case, hel beverage .s stored 
in a f lexWe £g and tne beverage is then drawn off through a pipe and any gases desired are .ntroduced .rrto^ ^e bev- 
eraoX wTrt a fixed orifice restrictor and a non-return valve. The pressure of the gas which .s mfroduced can be 
3£ Sever. rt £n be readily seen that the control of the dissolution of nitrogen is not prec.se. Furthermore, the 

pref Xa' by a venturi effect in a nozzle posted on the beer tap. Here again ^^S^^^ 
L the quantity's not controlled, the time to allow the nitrogen to dissolve B .nsuff.c,ent, and the bubbles formed are too 

ture of a -and carton dioxide. The system utilizes a diaphragm to control the admiss.on of carbon dioxide t Mhe ,con- 
mZSmSt the air. However, this method does not assure the dissolution of nrtrogen m the beer nor can rt 

nnntroi either the carbon dioxide or nitrogen content accurately. u ™;„ 

30 iKe^^^^ 

fn^a^ 

dioxide and nrtrogen. but where the membrane is impermeable to carbon d.ox,de nrtrogen , may ^ ^edalone. 
The presennnvention provides a process and apparatus to dissolve a gas ,n a l,qu.d ,nclud.ng beverages, ag 
. ZSL ^rl h«J .and the like With respect to beer, the present invention will (1 prov.de a maximum head pres- 

" ^cnteb^^ 

to avoid eSher high or tow carbonation; and (3) provide the correct partial pressure of nrtrogen ,n the beer for a h.gh 

quality presentation to the customer. 
40 IMMARY OF T HF INVENTION 

The oresent invention provides a process and apparatus for controlling the quantity of a dissolved gas in a liquid to 
a prSeterrS XelT^e-lessLsfer of gas in a gas/ltoufcl contactor module. The liquid is placed under a pre- 
dSTnrSessuTe ari transported into the shell side of the contactor module contains hollow fiber merrtoranes. 

« fibers contain a gas which is so.uble in the liquid, the gas being ^J^T^^Z 

™ l » is desired to raise the level of the gas dissolved in the liquid, the partial pressure of the gas in the bores erf the 
M -ZSSZSSZ H the equi.ib!ium partial pressure of the gas in the Itauid in the shell sde of the module 
n hand if ft is desired to tower the level of the gas dissolved in the liquid the partial pressure of the gas .n 
SeSeToT^ 

so themrtule fbereus ^ in ^ 

ofop^ratS^ 
posSS^ 

uid oressure only limits the ultimate equilibrium level of gas which can be dissolved in the hqujd. 
55 ^rSstaSce to nitrogenate beer under pressure prior to dispense, the beer is transferred under pressure mtothe 

shell s^ofa^^ 
Snttocius^^^ 

"SSS 'evel. Most generally, the beer is nitrogenated from about 15 to ab<^^^^ 

SEnlEEm is then tran Jorted under pressure to a point of dispense or to storage. *r could be used to prov.de 
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the same physical effect as nitrogen, since oxygen is similarly soluble. This can be accomplished, but it should be noted 
that oxygen in contact with beer can oxidize the beer and impair its flavor. The contactor module of FIG. 7 could be used 
just upstream of the dispense tap to minimize spoilage/wastage of the oxidized beer. 

The present invention also provides a process for increasing or decreasing the carbon dioxide content of beer. 
When beer is placed under pressure using carbon dioxide gas to pressurize the container of beer, the carbon dioxide 
content tends to escalate; it therefore may be highly desirable to reduce the degree of carbonation of the beer before 
dispense The process for reducing carbonation of beer comprises transporting the beer under pressure through a con- 
tactor module having hollow fiber membranes. The beer is transported to the shell side of the contactor module and the 
excess carbon dioxide is removed through the membranes into the bores of the hollow fibers and then removed from 
the contactor module. This process can be controlled to any desired level of reduction or in some cases an increase of 
carbonation. 

After the carbonation level of the beer is adjusted, the nitrogen level may be adjusted by transporting the beer under 
pressure to another contactor module for dissolution of nitrogen into the beer as discussed above, or by retaining the 
beer under pressure in the module and increasing the pressure of nitrogen in the fiber bores sufficiently to dissolve the 

is desired amount of nitrogen in the beer. Or alternatively, the nitrogen level in the beer may be adjusted and then the car- 
bonation level adjusted. In this instance, after the nitrogen level is adjusted, it is preferred that the beer remain static in 
the module and at the time of dispense, the carbonation level is adjusted in the contactor module as the beer is being 
dispensed. These two steps are carried out in a single module, or two or more modules as desired. 

The process of the present invention may be applied to a continuous flow mode, e.g. a bottling operation for soda 

20 or beer, or to an intermittent flow mode. e.g. from a keg to one or more taps in a pub or to taps in a soda fountain or the 
like 

The apparatus of the present invention comprises at least one contactor module having hollow fiber membranes 
which under the operating conditions of the process are non-flooding membranes. Non-flooding membranes are those 
which when the exterior of the fiber is surrounded by liquid under operating pressures, none of the liquid permeates 
25 through the fiber. The hollow fiber membranes further have an average pore size less than about 500 Angstroms as 
estimated by Knudsen's flow equation (One method for calculating the pore size is set forth in the Journal of Membrane 
Science, Vol. 73, 1992, pp 47-53 in an article entitled Characterization of Membrane Skin Defects by Gas Permeation 
Methods by Uchytil P et al). preferably less than about 200, and a membrane surface having less than 0.1% holes, and 
having a PA for carbon dioxide greater than about 50 x 1 0' 6 to about 5,000 x 1 0" 6 cmW • sec • cmHg. The hollow fiber 
30 membranes are present in the contactor module in an amount of at least about 25 sq cm of membrane surface area per 
ml of liquid volume for a liquid flow rate of about 2 liters/minute. 

The apparatus further comprises a means for controlling the pressure and flow of the liquid through the shell side 
of the module. In the continuous mode the flow is controlled by conventional pressure and flow regulators which provide 
a substantially constant pressure and flow rate. In the intermittent mode the pressure within the liquid line is substan- 
tially constant and the start and stop of the liquid flow is controlled by a check valve upstream of the contactor module. 
Conventionally when beer is transported from a keg to a tap, the exit from the keg is controlled by a check valve. H the 
keg check valve is operating properly, it may not be necessary to provide a check valve just upstream of the contactor 
module near the entry port. Conventional line and dispense equipment is suitable for transporting a beverage from the 
contactor module to the tap. . 

The pressure of gases in the bores of the hollow fibers in the contactor module are controlled by relieving type pres- 
sure regulators. In the instance of the continuous mode, the flow of the gas in the bores is controlled to provide the 
desired partial pressure of the gas in the bores and hence controls the dissolution of the gas in the liquid. In the dis- 
pense mode, the pressure of the gas in the bores is controlled to provide the desired partial pressure of the gas in the 
bores of the fibers and hence the desired equilibrium partial pressure of the dissolved gas in the liquid. 

The present invention also provides a process for the bubble-less carbonation of water, particularly suitable for a 
soda dispense system. The process comprises transporting water through a check valve into the shell side of a contac- 
tor module described above at a pressure of at least about 20 psig. Simultaneously, carbon dioxide is transported under 
pressure through the bores of the hollow fibers where pressure is sufficient to provide the desired carbonation of the 
water. The carbonation of water ranges from about 1 :1 to about 10:1 carbon dioxide volume to water volume. After car- 
bonation of the water, the water is transported to a soda dispense station or a bottling operation or the like. Up until the 
dispense or bottling of the carbonated water, the dissolved carbon dioxide remains in bubble-less form. 

It may be desirable to degas the feed water to a contactor module because dissolved air gases come out of solution 
within the contactor module and can reduce the effective partial pressure of carbon dioxide acting to carbonate the 
water. The degree to which the feed water is degassed depends on the amount of dissolved air in the feed water, the 
55 dissolved air often exceeding 15 psi. 

The invention also provides a carbonation apparatus suitable for the carbonation of water, the water to be used at 
a soda dispense station. The apparatus comprises a contactor module containing the hollow fiber membranes 
described above, a source of water under pressure connected for shell side feed to the module, a source of carbon diox- 
ide under pressure connected for fiber bore side feed to the module, a check valve located at the water feed inlet as the 
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last control of the water as it enters the shell side of the module, and a temperature control to control the temperature 
of the water in the apparatus and until the resulting carbonated water is dispensed. 

The gas/liquid contactor module appropriate for this invention is ideally suited to the application involving intermit- 
tent and/or irregular operation of a soda dispense station to produce soda for soft drinks. The apparatus described 

5 above including the gas/water contactor module, eliminates the need for the carbonator tank, level controls, the high- 
pressure water feed pump, and associated electrical wiring and relays. The contactor module is of sufficiently small size 
to allow it to be fitted within existing dispensary equipment by immersion in the existing icebanks, leaving adequate 
space for the installation of larger fluid cooling coils, if desired. Normal tap water pressure generally is sufficient to pro- 
vide for carbonation of the water and for dispensing the carbonated water, resulting in the elimination of any pump. 

w The water contacts carbon dioxide in the contactor module at the outer surfaces of the hollow fiber membranes, 
whereas the carbon dioxide is fed to the bores of the hollow fiber membranes, and is transported in a buDble-less fash- 
ion into the water on the shell side of the module. At a given operating temperature, and constant water/soda flow rate, 
the level of carbonation produced is a function of pressure of the carbon dioxide feed gas applied to the bore side of the 
fibers in the module, provided that this differential pressure is not sufficient to produce bubbles of carbon i dmode on the 

is liquid side. The carbonated water contains no bubbles until it is dispensed at the dispense station, and thus, has exited 
from the water carbonation system. 

pRIFF pFflf.RIPTION OF THF DRAWINGS 

20 FIG. 1 is a schematic of one embodiment of the present invention: 

PIG. 2 is a schematic of another embodiment of the present invention; 
FIG. 3 is a schematic of a further embodiment of the present invention; 

FIG. 4 is a side elevational view with a partial breakaway illustrating a contactor module suitable for an embodiment 
of the present invention; , . 

FIG. 5 is a side elevational view with a partial breakaway showing a module utilized in another embodiment of the 

FIg! 6fe ^side'el'e^tional view with a partial breakaway showing another module utilized in a further embodiment 
of the present invention; 

FIG. 7 is a schematic of a still further embodiment of the present invention; 
FIG. 8 is a graph depicting the carbonation level of the beer as the keg empties; 
FIG 9 is a schematic illustration of one embodiment of the process of the present invention; 
fig. 10 is a graph depicting carbonation data for a module for continuous flow compared to interrupted dispense 

flow to a soda dispense station; . 

fig. 11 compares the shell pressures reached using different bore pressures of carbon dioxide in two embodi- 

35 ments of the present invention; ... « w »• „„,, 

FIG 12 is a graph illustrating carbonation of water compared to the theoretical values of carbonation, and 
Fia 13 illustrates carbonation of water used as soda and in drinks utilizing one embodiment of the present inven- 
tion. 

40 pFTAii Fn r>ESC R|pTI™ of thf invention 

FIG 1 is a schematic of a process 10 of the present invention. A source of carbon dioxide 12 under pressure is 
passed through a line 14 to a control valve 1 6 which controls the pressure and ingress of carbon dioxide through a line 
18 into the head space of a keg 20 containing beer 22. The pressure of the carbon dioxide is sufficient to cause the beer 
« 22 to flow through a line 24 to a check valve 26 which controls the flow through a line 28 into a contactor module 30 A 
suitable module is illustrated in FIG. 4. The beer passes through the shell side of the module to an outlet .rrto a line 40. 
While the beer is in the module 30. nitrogen from a nitrogen source 32 is passed through a line 34 to a control valve 36. 
The control valve maintains a pressure of nitrogen through a line 38 into the bore side of the hollow fibers of the con- 
tactor module 30 while the beer 22 is in the contactor module 30. The nitrogen is dissolved to the desired degree reg- 
ulated by the amount of nitrogen partial pressure controlled by the valve 36. When a glass 46 of beer is desired, the 
dispense valve 42 opens and beer is dispensed through a line 44 into the glass 46. At the same time the dispense valve 
42 opens, the check valve 26 opens to allow more beer to flow into the contactor module 30 so that additional beer will 
be nitrogenated and on demand dispensed through a line 40. ^c,.,^ 
RG. 2 is a schematic illustrating another process 50 whereby beer is treated. A source of carbon diox.de 52 flows 
under pressure through a line 54 to a control valve 56. The control valve 56 regulates the pressure of carbon dioxide 
flowing through a line 58 into a keg 60. The pressure of the carbon dioxide is sufficient to deliver beer 62 through a line 
64 to a check valve 65 and hence through a line 67 to a contactor module 66 and here it is assumed that this results in 
over carbonation of the beer in the keg. The contactor module 66 is further illustrated in FIG. 5. Returning nowto RG. 
2 the carbon dioxide content of the beer is reduced in the module 66 by allowing carbon dioxide to exit from the liquid 
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beer permeating the hollow fibers of the contactor module into the bores of the fibers ^hereupon 

dioxide exits throuah a line 68 to a control valve 70 which control valve regulates the carbon diox.de content of the beer 

The beer having been trimmed or reduced in carbon dioxide content then passes from the module 66 through an 
exitoStoTS 

£tt ^u!elo and Serves nitfogen so as to dissolve a predetermined portion of nitrogen .nto the beer. The 
SSsXSedby Source 82 under pressure through a line 84 to a control valve 86. The control va ve 86 mam- 
SSe deTed ^pressure of nitrogen through a line 88 into the contactor module 80 
into the bore side of the hollow fibers and consequently the nitrogen is mass ^ &r ^f^ B ^LTjT a 
Z dissolved in the beer contained in the contactor module 80. The beer exits the module 80 through a hne 90 to a 

di *Sh S enfhe e d!Lnse valve 92 opens, the beer flows through a line 94 into a glass 96 and simultaneously the check 
vaJi Towns whereupon the module 80 is refilled from the module 66 through the line 72 wh,le the module 66 « 

the beer dispensed from the process 50 has both the desired camon d,oxide oontent 
andlhe desLi nitrogen content and is transported rapidly to the tap because the pressure m the keg . as h,gh as 

d6Si HGS 3 3A and 3B are schematics which illustrate process configurations utilized in a continuous flow mode. In 
FIG " a prL* iS recces the carbon dioxide content of beer in a continuous flow mode. The beer e^ the con- 
tartor mSule 105 through a line 102 monitored by a pressure gauge 104. The pressure is substanbally constant 
StanSusly ^n*igen supplied by a source 106 passes through a line 108 under pressure to a pressure regulator 

gauge 1 14 The pressure in the line 1 12 of the nitrogen is regulated by the valve 110 .n response to he gaug^The 
Sen flows through the bores of the hollow fibers countercurrent to the flow of the beer in the module 1 05 to a I ne 
7 16^nSed by a flow regulator 1 18. The flow rate of the nitrogen gas stream is responsive to a montor 122 which 

eSo ^nduto ^5 through the line 1 1 6 is adjusted up or dcvm by the regulator 1 18 a^^^^ 
Sca^^oxkle partial pressure in the beer leaving the process. The counter flow nitrogen acte as a sweep gas to 

module 105 and hence through the exit line 1 16. The contactor module 105 is shown in detail in FIG. 6. 
andEe^efS 

wMureml when a supply of nitrogen is not available. A vacuum is used to lower the pressure in the bores of the hol- 
Kbe^uffSly to Ker the equilibrium partial pressure of the carbon dioxide in the beer to a desired level. The 

uelMfeee^Tl^ 
uumpump^ 

constant Dressure in the line 136. The beer exits the module under pressure through a line 142 

TO KsJtfes a process 150 for controlling the carbon dioxide content of beer where the ^ 
c^alpisue of the beer is higher than atmospheric pressure, but still needs to be reduced to reach the target. Been 
Se P 3e 22. • contacL module 1 54 (see FIG. 5) through a line 1 52. In the module 154 excess carboy ,ox- 
ttie hollow fiber membranes into the bores of the membranes and exits the process through a hne 156 

; h r g ha^ 

ess through a line 162. . 
Each of FIGS 3, 3A and 3B are related to processes utilized for a continuous flow mode. 

« TO4^ 

mrxlu e hrouah an inlet 202. The beer circulates throughout the shell side 212 of the module surroundmg the f ibers 

from the exterior but having nitrogen supplied through an entry inlet 204 under pressure into ttie bores O thej.bere. A 
S sheS seals the end ofThe module, however, the hollow fibers 206 penetrate the ubesheet and are open to 
£££ nSogen through the entry inlet 204. At the other end o. the module ^J^S 
e g with a hot knife cut, at the ends of the fibers 210. The beer which enters the shell side 212 at the inlet 202 leaves 

as beer T^e comactor module 220 has an entry port 222 for the beer to enter under pressure. The beer mmm on the 
sne¥^de™6 of the f toere 228 and passes carbon dioxW^ 

ftol where the excess carbon dioxide exits the module 220 through the port 224. The fibers 228 pass through ,the 
axcess carbon dioxide in the bores proceeds to the exit port 224. The f bers 228 are .sealed 
aVthf other end 234. for example by means of a hot wire cut. The beer, reduced in carbon d.ox,de content exits from 
the module at a port 232. 
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FIG 6 illustrates a contactor module 240 having an inlet 244 for a sweep gas e.g., nitrogen, which gas passes 
through 'the bores of the hollow fibers 252 and exits through an exit port 246. A beverage, e.g., beenerrters through a 
oort 242 on the shell side 254 of the hollow fibers 252 under a predetermined pressure. The beer contaire excess car- 
bon dioxide which requires removal utilizing a sweep gas such as nitrogen. Tne module 240 has two tubesheete 250 
SStheendsdthe module butgas can r^ss through fte bores of ftehollowfto^^ 
Slough each of the tubesheets 250. The beer passes on the shell side 254 of the fibers and exrts through an 
exit port 248 The module 240 is particularly suitable for use in the continuous flow mode. 

The flexibility of the present invention allows either or both treatments of beer to take place easily and economically. 
Generally when carbon dioxide is used as the pressure means to transport beer from the keg to the tap in the ordinary 

SeMWThepresertinJntionallo^ 
Se r^rt Tne beer within ^ 0 days exposure qurte easily rray reach 3.5 volumes of ^mond.ox.de^ 

oSSTen rt I maintained under a carbon dioxide pressure of ab^ut 34 ^ 

volume of 1 2 to 1 .5 dissolved carbon dioxide per volume of beer. Other ordinary beers require about 2.2 to 2.5 volumes 
o7cX>n diox.de per volume of beer. The simple procedure of passing the beer through the "ollowf iber membrane 
module depicted in FIG. 5, allows the carbon dioxide content to be reduced to the predeterrruned se ected amount. The 
module SSls quite simply and the regulation of the carbon dioxide content is easily achieved. It -s necessary how- 
ever to iTe 3 for trolling thecarbon dioxide content for each of the beer lines because the des,red carbon 

dioxide content is different for different beers. 

Nitrooenation of the beer is achieved utilizing the module depicted and descr.bed in FIG. 4. The beer flows into the 
shell sSof^e hallow fibers in the module and receives nitrogen under pressure which dHfuses through the holler 
fiber membrane surfaces into the beer. The nitrogen is dissolved in the beer and hence proves no bubbles wh,le the 
beer is in the module or the line prior to dispense. ^.^^joMRkuwd 
A particularly desirable process 260 is depicted in FIG. 7. In this instance, a single contactor module 298 is used 
The mSe 260 i Substantially the same as that depicted in FIG. 4. A keg 262 of beer 264 is ^"^^"2 
undeToTessure of a gas (either carbon dioxide or nitrogen or a combination of carbon diox.de and nrtrogen) supplied 
froTa^^ 

oTthe 262 The gas pressure is maintained at a predetermined level sufficient to provide adequate flow of the beer 

to a flow^witeh 290. The flow switch 290 cooperates with the control unit 336 such that when the ^J^ 6 ™** ^f!^!? ^. ^ 
s acSed the flow switch 290 allows beer to flow into the contactorrmxlule298throughthel.ne292.rttotheshells.de 

en^rt294.S 

sure whether the dispense system is drawing beer or whether the beer is static or motionless in the module^ 

r^e holTol^296 in fte module 298 penetrate the tubesheet 300 into a port 310 trough ^^308 
of the module 298. wherein gas under pressure either leaves the sided the ho^ fibers or « fed ot^eb^sKle 
o the fibers. A gas supply line 312 is connected to a three-port control valve 314. The valve 314 ^ree^ 1 2 
and 3 The port 3 recedes nrtrogen and the connection between port 3 and port 2 is opened and closed ,n response to 
the control K 336 ^n aline 318 supplying nitrogen under pressure to the port 3. the nitrogen is ma.nta.ned under a 

times and receives gas from the connection from the port 3 or the connection from the port 1 or from he hoMow f toer 
bores ftVough the line 312 when gas is being discharged from the bore side of the bers as W ll be 

A second three-port control valve 324 has ports 4, 5 and 6. The port 5 of the valve 324 is connected by a line to the 
port 1 3£ Til 3U. Carbon dioxide is supplied from a source 332 urder pressure through a line 330 to a pressure 
45 reaulatina valve 328. which is of the relieving type to a line 326. The carbon dioxide is ma,rrta.ned at a constant prede- 

the beer in the contactor module 298 remains static and the connections to the ports 2 and 3 of the valve 314 are open 
o sS^nSogTn unS pressure through the bores of the hollow fbers so as to <*^™~^?ZZ 
ZSd heretofore. When the dtepense system activates and the flow switch 290 opens and be* f tows out of the 
contactor module 298 through the exit port 302 and line 304 to the dispense system 306. the connection to the port 3 
ZSSESl . closes and'the connection to the port 1 opens simurteneousry with the opening of 
(Wis 5 and 6 to allow the excess nitrogen pressure to bleed from the fiber bores. The time required to reduce the 
b^reWTre to substantially that of the atmosphere is dictated by the size of the internal passageways in the valve 

This generally takes less than two seconds. Next the connection to the port 6 closes and the connection to the .port 4 
opis3ow^f tow of carbon dioxide from the port 1 to the connection to the port 2 into the module 298. To .com. 
pTeSe SoTo! (Lbon dtoxWe from the line 326 the 

connections to the ports 1 and 2 of the valve 314 are open. The level of carbonation of the beer is controlled as d.s- 

cussed heretofore. 
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When the dispense system deactivates and the flow switch 290 closes, the connection to the port 4 of the valve324 
closes and the connection to the port 6 of the valve 324 opens to allow excess carbon dioxide to bleed from the , bores 
of the hollowftoers 296 in the contactor module 298. After the pressure b^toa^nedM^we* 
to the port 1 closes and the connection to the port 3 of the valve 31 4 opens to again n*ogenate in the 
contactor module 298. Thus the beer is nitrogenated when it is in a static state .n the contactor module and any des.red 
carbonation takes place while the beer is being dispensed. By venting any of the residual carbon d.ox.de or n.trogen 
from the hollow fiber bores at the points of transition between the stopping and the starting of the flow of beer atd.s- 
oense development of a gradient of partial pressures of these gases along the length of the fibers is minimized or 

EdS 

ess 260 requiring power. 

In the event that the carbon dioxide content of the beer reaching the contactor module 298 is too h.gh regulator 
valve 328 also operates to trim such over-carbonation. Carbon dioxide permeates from solution in the beer through the 
walls of the hollow fibers into the bore volume, and this excess carbon dioxide is vented at the rel.ev.ng regulator valve 
328 as it maintains the selected bore pressure in the module 298. . ^ 

During dispense of beer from a keg. the proportion of gas in the head space to Iqud changes. Thus as the beer 
level in the keg decreases so does the carbonation level of the beer. In the practice of the present .nvent.on the d,s- 
solved carbon dioxide content of the beer remains substantially level so that ^f.^ glass drawn from the teg and *e 
last will be carbonated to substantially the same degree. If nitrogen gas is used at 266 m FIG. 7 to d,splace a c*bon- 
atojCrfromakeg. the quantrty of carbon dioxide in the head sroaced the keg will cha J1 gedunngd.spense of tecon- 
StVTnus the carbonation level of the beer will also be reduced, especially if the dispense pattern empt.es the keg 
slowly. This is delineated in FIG. 8, where a 50 liter keg of beer was dispensed evenly over a penod of s.x days accord- 
ing to the scheme of FIG. 7, using nitrogen as the keg top pressure gas. , -iw~„ 

Nrtnogenation of the beer and control of the carbonation of the beer occur substant.ally 'fT'^t^l 
tactor module ideally should hold more than about 25% uptoatout75%ofthe volume of one typical beer d.spense. In 
tS marne" the nrtrogenated beer is swept from the module on each dispense thereby preventing nrtrogen grad.ents 

al ° n B^u^ 

gen in a given type of beer is less critical to high quality dispense presentation than is the level «<f>™^J°[ 
exinple ftl niJogenation level may vary by a factor of two or so, e.g..fromabout30ppmtoabout60ppm^bywe ght 
wS ^^^'mpaiSZresentation of the dispensed beer. Carbonation levels, however, should be ma.nta.ned to wrth.n 
Sufo z^umlof the nominal level. Depending on the beer type, this nominal .eve. will be » ™»£~n 
about 1.0 and about 2.5 carbon dioxide volumes per volume of beer. Control of carbonat.on <" «"P^m«M 
mam either (1) the full addition of the required carbonation starting from zero or (2) incremental adjustment up or 
dTntoacSeli the required nominal level. ,t should be noted that at all times u^ 

nZen and carbon dioxide, are in bubble-less form and remain at the predetermined levels. Immed.ately. upon dis- 
pense, the carbon dioxide bubbles and the nitrogen bubbles form to provide a head on the beer. 

It is generally agreed that high quality presentation in a beer drink means mere is a d,st,nct, wh ,te foam head 
formed oS the sunace when the drink is dispensed, and that this head ^P 6 ^ 

making up this foam are small, they also adhere in an attractive manner to the side of the glass while the drink ,s con- 

""E tie" tttSS* nrtrogen gas. which has a low solubilrty and which has been pre^issohred in beer at ele- 
vated^r^ure ve^idly precipes out of solution in a very f he dispersion of small bubbles. Larger carbon d.o*de 
b!SesXa^ 

^ftelSw larbon dioxide bubbles. Some nitrogen bubbles also nucleate precipitation of dissolved carbon d.oxrfe 
^SSSSXL causing them to grow and M faster. Tne small bubbles wttch collect 
nitrogen and a mixture of carbon dioxide and nrtrogen gases. Because nrtrogen is less able to permeate through the 
SswaSsduetoits low solubility .hesebubb.es w"^*^*^^^"^^" 
Soermeation to the atmosphere, that loss tends to be made up by further carbon dioxnle arr.v.ng from the bulk of the 
ISK Therefore the "head" on a nitrogenated beer lasts longer and is more appealing to most customers. 
, ln**wt securing consistent dispense qualrty the amount of nitrogen required is limited to the . ««£ Ufc>- 
solved inttie beer. For insfance. if a bar or lounge were to dispense io.OOO gallons of beer with the amount of n*^ 
behia 50 pom the annual nitrogen usage utilizing the present invention would be less than 2 cub.c meters compared 

^SSS^SX-nmlf^ be seen that the present invention not only provides a more satisfactory product 
5 in the eyes of the customer but also conserves nitrogen. 
Itmaybedesiroustousenftrogenasthehe^ 
tor module to nrtrogenate and/or carbonate the beer. Generally nrtrogen is cheaper than carbon dioxide an ibrewers 
Lflat beers easSr to handle than fully carbonated beers. During the dwell ^^ e& ^^ 
th pressure of nitrogen in the keg. little or no nifrogen is dissolved in the beer. In order for s.gnrf ra ntd.ssolut,on of the 
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nitrogen into the beer to take place, the contact interface area needs to be large and the partial pressure of the gas in 
relation to the partial pressure of the same gas already dissolved in the liquid needs to be increased. 

A top pressure of a mixed nitrogen/carbon dioxide gas alternatively can be used to dispense keg beers. The carbon 
dioxide partial pressure is set to a predetermined level and nitrogen makes up the remainder pressure needed to trans- 
port the beer In this manner there is substantially no net change in the level of carbonation of the beer. However, there 
can be no appreciable dissolution of nitrogen into the beer so unless the beer is already nitrogenated by the brewery, 
use of the present invention is necessary to achieve the desired level of nitrogenation for satisfactory presentation of 
the beer Furthermore, as the beer in the keg is dispensed, the carbonation level of the beer decreases to come into 
equilibrium with the carbon dioxide level in the head space in the keg. However, when using the present invention, the 
carbonation level of the beer is substantially even. (See FIG. 8) 

Some brewers now nitrogenate certain of their beer products. These most generally are dispensed with a nitro- 
gen/carbon dioxide mixed gas as the keg top pressure gas. But the ratio of nitrogen to carbon dioxide gases and the 
pressure used are still calculated to provide the correct carbon dioxide "balance" pressure and thus, without the present 
invention the system does not have the degree of freedom to also provide a target nitrogen "balance" pressure which 
may correspond to a dissolved nitrogen concentration of between 15 and 60 ppm by weight. The role of dissolved nitro- 
gen is to produce a tighter and more stable foam (head) on dispense, as has been explained. 

PIG 9 depicts one embodiment in schematic form of the process of the present invention for the carbonation of 
water The dispense system 410 is provided with a water source 412. The water is under a pressure of at least 20 psi 
and is transferred through a water line 414 to a check valve 416. The check valve 416 is closed until a demand is made 
20 on the system for carbonated water. The water, after it has passed the check valve 41 6, flows through a water line 41 8, 
to a pre-cooler 420, which reduces the ambient temperature of the water to a temperature in the range of about 0° to 
about 10° C preferably from about 0° C to about 4« C. The water from the pre-cooler 420 then enters the shell side of 
the module 424 where the water receives carbon dioxide from a carbon dioxide supply 426. The carbon dioxide flows 
from its source 426, through a primary pressure regulator 428, and then through a line 430, to the bore side of the hol- 
25 low fibers in the module 424. It is preferred that the pressure of the carbon dioxide remain substantially constant. Ttie 
carbonated water exits the module 424 through a line 440, to a carbonated water cooler line 446. The carbonated water 
is then transferred through a line 448, to the soda dispense valve 450. The soda dispense valve 450 acts in concert with 
the syrup dispense valve 468 and discharges the soda and syrup into the soda/syrup mixing chamber 452 where the 
soda and syrup are mixed before emptying into the beverage glass 470. 

A control box 464 controls each of the valves as well as the temperature controls. For instance, the control box 464 
notifies the syrup dispense control 444 when to dispense syrup from syrup sources 454A, 454B, and 454C. Each of the 
syrups proceeds to its corresponding syrup pre-cooler 456A, 456B, and 456C. The syrup is then delivered from the pre- 
cooler 456A 456B or 456C, to the syrup dispense valve 468. The syrup and carbonator systems are activated by a 
request froni the drink selection panel 466. In this system, the cooling takes place in an icebank 436, which is partially 
filled with icy water 438. The syrup and soda lines 448 and 456 and pre-coolers 420 and 446 are immersed in the icy 
water 438 along with the module 424. A refrigeration unit 460 controls the temperature in the icebank and chills the ice- 
bank through a refrigeration coil 458. The ice and water in the icebank 436 are stirred by an icebank stirrer 462. 

FIG. 1 0 illustrates the surprising difference between carbonation, which can be attained on a continuous flow basis 
in comparison to that which is obtained when the system is in the dispense mode. 

The dispense mode for the present invention is controlled by the opening and closing of the dispense valve in con- 
cert with the check valve, which starts and stops the flow of water into the carbonation module. FIG. 10 illustrates the 
carbonation level attained in a module when the carbonated soda is in continuous flow and it also illustrates the carbon- 
ation attained when the system is in an intermittent dispense mode where 180 milliliter quantities of carbonated water 
are dispensed 6 times each minute. The flow rate of the carbonated water is 2.5 liters per minute, and the temperature 
is at 1 0 C It is seen from FIG. 10 that the carbonation of the water is controlled by the carbon dioxide feed pressure. For 
instance when the carbon dioxide feed pressure is at 50 psig, carbonation of water in a continuous flow mode produces 
4.0 volumes of carbon dioxide for each volume of water. When in the dispense mode, 50 psig of carbon dioxide pro- 
duces a carbonation volume of about 4.85. 

When the required volume of drink has been dispensed and the flow of soda is stopped by the dispense valve, the 
rapid destruction of the liquid's momentum causes a pressure pulse to be reflected back through the soda lines and the 
shell volume of the module as far as the check valve. The check valve closes almost instantaneously, isolating the 
downstream volume of liquid from the feed water supply. At this instant the hydraulic pressure in this isolated down- 
stream volume (termed here as the "snap" pressure) is very much greater than during dispense flow, provided that no 
bubbles of carbon dioxide gas are contained in this volume. 

FIG 11 illustrates that following the moment of shut-off and the creation of snap pressure, carbonation of water 
within the module continues to take place, where the further increases in shell pressure result from expansion of soda 
as more carbon dioxide is absorbed by the water. It is indeed surprising that the level of carbonation thus produced is 
significantly greater than the levels predicted for the applied bore pressure as given in the published equilibrium data 
for a carbon dioxide/water system. FIG. 1 2 depicts this phenomenon, which is observed for all modules operated in the 
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"check valve" configuration. This enhancement of carbonation is directly responsible for the results shown in FIG. 10. 
where typical intermittent dispense carbonation is at a higher level than in the continuous flow carbonation process. 

FIG 11 shows the rapid increase in shell pressure following the 'snap' effect that occurs as a result of continued 
carbonation following termination of a dispense action, the level of carbonation produced being contingent on the cor- 
responding applied bore pressure of carbon dioxide. However, it is surprising that in FIG. 11, significantly increased 
shell pressure occurs at approximately 40 psig carbon dioxWe pressure. This corresponds withthe dramatic increase 
in carbonation measured at and above 40 psig illustrated in FIG. 12. The snap pressure effect and the resultant 
enhancement in carbonation are because of the action of the check valve. This configuration therefore enables use of 
a smaller more compact module than would be predicted from data for continuous flow operation of the module 

FIG. 13 compares the carbonation level of soda with that of the Post Mix drink. The difference between the two 
curves is the result of gas loss as the soda flows through the final dispense valve and into the glass. This FIG. 13 illus- 
trates that satisfactory drink carbonation levels can be obtained using the module to produce soda carbonation levels 
below 5 volumes of carbon dioxide for each volume of water. Conventional carbonators are designed to produce higher 

^^fSft^eability of the modules utilized in this invention to operate satisfactorily at lower carbon dioxide 
pressures and tower soda carbonation levels, the modules effect considerable savings in carbon dioxrie usage for Post 

M,X ThTteJefSSrbonation from the module for Post Mix dispense application need not be greater than 6 v/v at a 
temperature of 1" C. The connections to. and control of. the module are very simple in practice. The s she I volume has 
two ports an inlet for water.and an outlet for soda, one at each end of the moduleto ensure that all actwefber surfaces 
are exposed to liquid flow. The fiber bores communicate with a third end port and this is connected to a pressure regu- 

lat ° r Tht ftoerfuS i S 'the Siodule are characterized by a reasonable degree of permeability for carbon dioxide in bub- 
ble-less mass transfer. The hollow fiber membranes have an average pore size less than about 500 Angstrom as esti- 
mated by Knudsen's flow equation and a surface having less than 0.1% holes. The membranes a^non-floodableand 
have a P/l for carbon dioxide greater than about 50 x 10" 6 to about 5.000 x 10" 6 cmW • sec • cmHg and the -module 
has at least about 25 sq cm of membrane surface per ml of liquid volume for a liquid flow rate of about 2 liters/minute. 

With continuous liquid flow operation at a given bore pressure, liquid flow rate and temperature the mass tanrier 
of carbon dioxide from the fiber bores into the liquid is then effectively limrted by the resistance to diffusion of ^solved 
carbon dioxide through the nearly saturated liquid boundary layer surrounding each fiber as well as by the resistance 
inthefiberwall itself. The disposition of the shell side ports inrelation to thebundleof holl(wfibersjs.mportant.n ensur- 
ing that there are substantially no regions where there is poor or stagnant flow of f s \ e ^ f,b f 
prLngly it has been found that the performance of a given module expressed as the level of carbonation produced in 
ihe soda exiting the module, is actually enhanced through the utilization of the check valve in intermitten on/off opera- 
tion^ operating mode chararteristic of the Post Mix dispense system. RG. 10 illustrates the typ.cald^ 
between the intermittent dispense mode operation and continuous flow operation. 

It is theorized that part of the enhanced performance in intermittent on/off operation, is due to a transient, but 
repeatable reduction in thickness of the liquid boundary layers surrounding the hollow fibers as the flow of '"compress- 
ible liquid through the module starts very rapidly from zero to full flow at the beginning of a dispense event. A the^ begin- 
ning and during a dispense event, both water and carbon dioxide enter the module. The total duration of soda f ow 
during a drink dispense is normally no longer than 4-5 seconds. In practice, even the 4-5 seconds > .s often deliberate* 
Seated. At the end of the dispense event, there is some continuing carbonation through the boundary liquKi lay* 
around each fiber where its concentration builds toward an equilibrium which is greater than the saturation level 
expected for the applied bore pressure. The next dispense event effectively scrubs the boundary layer and the proc- 
esses repeat. This is substantially true for other beverages such as beer and wine. , hDChollhn , hra ri ia „ v 
Although during carbonation. there are certainly carbonation concentration grad.ents within the shell both rad afly 
from any ofven f ibeTand longitudinally along the module, the entire shell volume is at an almost uniform pressure. If the 
carbonion in any local region of the shell exceeds a value for which the correspond Ing, <^<"»£^^ 
is above the shell's actual hydraulic pressure then that region is super saturated and there will be a tendency r tc form 
free gas bubbles. This does not apply to the no-flow condrtion. i.e.. the condition between dispense events, because 
then the shell volume is fixed, and there is no possibility of bubbles forming. u .^ Kl , 
An increasing differential and thus higher carbonation values for a given water feed pressure, can be achieved by 
decreasing the resistance to mass transfer through the liquid boundary layer. This can be ™* £ 
higher length/diameter aspect ratio for a given soda flow rate to increase the average fluid velocrty. Alter^trvely one 
; might obtain the same improvements by employing different fiber geometry, e.g., by winding the fibers in a helical pat- 
tern to increase the nature of cross flow in the shell volume. ta.faaH-,-. 

Another advantage achieved when using in-line membrane module carbonators, is that for a given water feed pres- 
sure, it allows extension to higher applied carbon dioxide pressures before the carbon dioxidebubble break-out limit is 
reached This potentially would permit operation at low water feed pressures without the need for a water feed pump. 
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Generally when using a check valve in a line of liquid flow, the primary impact is observed in the upstream flow In the 

ble. This pressure can be provided by a water pump. 

As stated earlier conventional carbonators utilize high pressure water pumps. The h.gh pressure performance of 

these^S 

^^l 9 «l™£™<^«* module, this contact surface area is provided naturally and without con- 
.urn^n iri >Swer bXfbers themselves. Thus there is no need for a high pressure water pump for ttw > purpose, 

to rnSSie iSSSL of syrup to soda in the drink. In the case of conventional carbonatioa the hydrauhc f eed 
SeZS^dTnftTirt^ tank is equal to the applied pressure of carbon dioxide. Soda dispense valves 
Sy^Sl ~rTol mechanisms based on spring-adjustabie variable-area orifices. These can *o . 

SS5S3333K5SSSS 

o fte£r£the membranes should have the characterisfics heretofore discussed and have satisfactory permea- 

in-6 3 sec-cmHa and the most preferred range is from about 300 x 10 to about 1.000 x 10 
mW s£-^ 

a suSace wrTh San 01% holes, the membranes being non-floodable and having a P/l for carbon d,ox,de greater 


30 


35 


40 


50 


55 


11 


EP 0 732 142 A2 


than about 50x10" 6 to about 5.000x10-* cm'/cm 2 . sec- cmHg. These ftoersallw permeation of nitrogen as well and 

■mmam 

15 able materials. 
Example 1 

^ ^ in nr 9 9 ten of beer containinq an ale type beer with an initial carbonation level of 
remain stable for 120 minutes with minimal reduction in its thickness. 


20 


25 


Example 2 
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40 


45 


50 


pensed beer's liquid layer is exposed after only 8 minutes. 
Example 3 

A.ager beer with an initial carbonation of 2.4 v/v is connected to the ^^^^^^^ 

Example 1 . The foam is stable for a period of at least 35 minutes. 
Example 4 
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bon dioxide in the beer to avoid over carbonation; and (3) the correct nitrogen partial pressure in the beer to provide 
nitrogenation and hence a stable head on the beer. 

Example? 

When practicing the process of FIG. 7, the nitrogen gas is regulated at a pressure from about 20 to about 40 pal. 
The nitrogen partial pressure determines the ultimate concentration of nitrogen dissolved in the beer The process of 
nitrogenation te about 50% completed in about 17 or 18 seconds and about 80% completed .n about 40 seconds. 

Tteg of proprietary ale type beer is cooled to 12.5- C and provided with a nominal 35 ps.g nitrogen top pressure. 
The bee is then ttansported to the a«)aratus shown in RG. 7 and treated adding to the procedure d,scl^ 
S uS his a^ratTs.. The valveX provWes a pressure of nrtrogen of 35 psig and the valve 328 proves a pres- 
sure of carb^Lde of 6 psig. The beer is carbonated to a level of about 1 .4 v/v. In FIG. 8, the results are shown for 
havtig dTaTcfl beer ove/a^x day period until the keg is substantially empty. * "^^iS^ESE 
anJ the beer to retain its proper carbonation during substantially the ^ ,retime ^ ek ^ ls ? ,nge ^2^ h lTJfx 
Unein the graph depicts the usual degradation of the carbonation of the beer over the same t.me period, ..e.. about s,x 

days for emptying. 
Example 6 

Modules are prepared in accordance with FIG. 4 containing polysuHone hollow fibers having the heretofore dis- 
cusse^haTacteristics and a P/l for carbon dioxide of at least 1 50 x 1 0" 6 cmW • sec • cmHg for carbon d,ox.de. Water 
isp^tSshellskleof the membranes and carbon dioxide in the bores of the membranes at the pressures shown 
h £££ Sow. The water is maintained at a temperature of C. Each of the modules contajis about 15 ^square 
eelof *tfve membrane surface. The flow of soda is about 2 liters/minute when a drink .s dispensed. Drinks contammg 

ml of Sa and syrup combined can be dispensed up to about 10 times per minute, b^ 
See would not average rJuch more than about 3 times per minute. In these examples the dnnks are dispensed 
aS Lry 20 seconds Testing reveals that dispensing as many as 10 drinks/minute does not dimmish the carbon 
dioxide content of the soda being dispensed. 
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TABLE 1 


5 

Module 
No. 

Shell Water 
Pressure 

P/1XKT 6 

Carbon 
dioxide 
Pressure 

Soda C0 2 / 

H 2 0 vol- 
ume/volume 

Drink CO2 / 

H 2 0 vol- 
ume/volume 




psig 




1 

53 

420 

50 

5.4 

— 

10 


53 

420 

60 

6.2 

— 



53 

420 

64 

6.4 

... 



53 

420 

68 

6.75 

... 



53 

420 

72 

6.85 

... 

15 


53 

420 

90 

8.25 

... 


2 

53 

420 

69 

78 

... 


3 

53 

510 

69 

8.2 

... 

20 

4 

53 

370 

69 

7.3 

... 


5 

53 

340 

69 

6.6 

... 


6 

53 

188 

69 

5.3 


25 

7 

53 

189 

69 

5.7 


8 

53 

330 

69 

7.6 



9 

53 

203 

69 

5.7 



10 

45 

370 

20 

3.2 

3.1 

30 


45 

370 

30 

3.9 

3.5 



45 

370 

40 

4.8 

3.75 


35 


The foregoing description and the drawings are illustrative and are not to be taken as limiting. Still other variations 
and modifications are possible without departing from the spirit and scope of the present invention. 


Claims 

1 A gas/liquid contactor module suitable for controlling the quantity of dissolved gas in a liquid, which comprises a 
module containing a plurality of hollow fiber membranes having a shell side comprised of the space surrounding 
the exterior of the fibers and filling the interior of the module containing liquid and a bore side comprised of the 
space in the bores of the hollow fibers containing gas, the hollow fiber membranes having an average pore size less 
than 500 Angstroms and a surface having less than 0.1% holes, the membranes being non-floodable and having a 
P/l for carbon dioxide greater than about 50 x 1 0" 6 to about 5.000 x 1 0" 6 cm 3 /cm 2 • sec • cmHg, and the module hav- 
ing at least about 25 sq cm of membrane surface per ml of liquid volume for a liquid flow rate of about 2 lit- 
ers/minute. 

2. The module of Claim 1 wherein the PA for carbon dioxide is greater than about 100 x 10 6 to about 5,000 x 10" 6 
cm 3 /cm 2 • sec • cmHg. 

3. A process for controlling the quantity of a dissolved gas in a liquid to a predetermined level which comprises: 

ss placing the liquid under a predetermined pressure; 

transporting the pressurized liquid into the shell side of a gas/liquid contactor module containing hollow fiber 
membranes, the module having a shell side comprised of the space surrounding the exterior of the fibers and 
filling the interior of the module and a bore side comprised of the space in the bores of the hollow fibers, the 
hollow fiber membranes having an average pore size less than about 500 Angstroms and a membrane surface 
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having less than 0.1% holes, the membranes being non-floodable and having a P/l for carbon dioxide greater 
than about 50 x 10 -6 to about 5,000 x 10' 6 cm 3 /cm 2 • sec • cmHg, and the module having at least about 25 sq 
cm of membrane surface per ml of liquid volume for a liquid flow rate of about 2 liters/minute; and 
increasing or decreasing the quantity of the dissolved gas in the liquid by increasing or decreasing the pressure 
of the gas in the bores of the hollow fibers by an appropriate amount to obtain the predetermined level of the 
dissolved gas. 

4. The process of Claim 3 wherein the liquid is a beverage. 

5. The process of Claim 4 wherein the beverage is beer and the dissolved gas is carbon dioxide. 

6. The process of Claim 4 wherein the beverage is beer and the dissolved gas is nitrogen. 

7. The process of Claim 4 wherein the beverage is beer and the dissolved gas is comprised of carbon dioxide and 
nitrogen. 

8. The process of Claim 3 wherein the liquid is water and the dissolved gas is carbon dioxide. 

9 The process of Claim 3 wherein the pressurized liquid is beer and is passed into a first gas/liquid contactor module 
wherein the dissolved carbon dioxide is decreased to a predetermined level whereupon the pressurized beverage 
is passed from the first contactor module to a second gas/liquid contactor module wherein dissolved nitrogen is 
increased to obtain a predetermined level of nitrogen without substantially altering the level of the dissolved carbon 
dioxide. 

1 0. The process of Claim 9 wherein the beer after treatment is removed from the contactor module under pressure and 
dispensed at a tap. 

1 1 . The process of Claim 1 0 wherein the dissolved nitrogen is present in an amount from about 1 5 to about 80 ppm. 

1 2. The process of Claim 1 1 wherein the beer under pressure is at a pressure sufficient to provide a flow rate of at least 
about 2 liters/minute. 

1 3. A process for controlling the quantities of dissolved carbon dioxide and dissolved nitrogen in beer to predetermined 
levels which comprises: 

placing the beer under a predetermined pressure; 

transporting the pressurized beer into the shell side of a contactor module containing hollow fiber membranes, 
the module having a shell side comprised of the space surrounding the exterior of the fibers and filling the inte- 
rior of the module and a bore side comprised of the space in the bores of the hollow fibers, the hollow fiber 
membranes having an average pore size less than about 500 Angstroms and a surface having less than 0.1% 
holes, the membranes being non-floodable and having a P/l for carbon dioxide greater than about 50 x 1 0 to 
about 5,000 x 1 0 6 cm 3 /cm 2 • sec • cmHg, and the module having at least about 25 sq cm of membrane surface 
per ml of liquid volume for a liquid flow rate of about 2 liters/minute; 

increasing or decreasing the carbon dioxide content of the beer by increasing or decreasing the pressure of 
carbon dioxide in the bores of the hollow fibers by an appropriate amount; and 

subsequently increasing the nitrogen content of the beer by increasing the pressure of nitrogen in the bores of 
the hollow fibers by an appropriate amount. 

14. The process of Claim 9 wherein the process is continuous providing a feed system for a bottling operation. 

1 5 The process of Claim 3 wherein the pressurized liquid is beer and is passed into a first gas/liquid contactor module 
wherein the dissolved nitrogen is increased to a predetermined level whereupon the pressurized beverage is 
passed from the first contactor module to a second gas/liquid contactor module wherein dissolved carbon dioxide 
is increased or decreased to obtain a predetermined level of carbon dioxide without substantially altering the level 
of the dissolved nitrogen. 

16. The process of Claim 1 5 wherein the process is continuous providing a feed system for a bottling operation. 
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17. The process of Claim 15 wherein the beer after treatment is removed from the contactor module under pressure 
and dispensed at a tap. 

18. The process of Claim 17 wherein the dissolved nitrogen is present in an amount from about 15 to about 80 ppm. 

19. The process of Claim 18 wherein the beer under pressure is at a pressure sufficient to provide a flow rate of at least 
about 2 liters/minute. 

20. An apparatus for the control of dissolved gases in a beverage comprising: 

a contactor module containing non-flooding hollow fiber membranes, the module having a shell side comprised 
of the space surrounding the exterior of the fibers and filling the interior of the module and a bore side com- 
prised of the space in the bores of the hollow fibers, the hollow fiber membranes having an average poresize 
less than about 500 Angstroms and a surface having less than 01% holes, the membranes being non-f looda- 
Srandhav^ngaP/lforlarbondioxkle greater than about 50 x10« to about 5.000 xlO^cmW. sec- cmHa 
and the module having at least about 25 sq cm of membrane surface per ml of Hqu.d volume for a Hqu.d flow 
rate of about 2 liters/minute; 

means for pressurizing the beverage to a predetermined pressure; 

means for controlling the flow of the pressurized beverage to the shell side of the contactor module; and 
20 means for controlling the pressure of a dissolving gas in the bores of the hollow fibers. 

21 . The apparatus of Claim 20 wherein the means for controlling the flow of the pressurized beverage to the shell side 
of the contactor module is a check valve. 

25 22. A process utilizing a single contactor module for preparing an alcoholic beverage having predetermined quantities 
of each of dissolved nitrogen and dissolved carbon dioxide which comprises: 

placing the beverage under a predetermined pressure; 

LspLng the pressurized beverage into the shell side of the contactor module ^ n ^^^ Q 
branes. the module having a shell side comprised of the space surroundmg the extenor of the t toers f ilhng 
"he interior of the module and a bore sWe comprised of the space in the bores of *e hoHow f jbers theH hoHow 
f toer membranes having an average pore size less than about 500 Angstroms and a ^c e havmg less than 
0.1% holes, the membranes being non-floodable and having a P/l for carbon d,o»de greater than atout 50 x 
10- 6 to about 5.000 x 10" 6 cmW • sec • cmHg, and the module having at least about 25 sq cm of membrane 
surface Der ml of liquid volume for a liquid flow rate of about 2 liters/minute; and 

fccreaXthe quantity of the dissolved nitrogen in the beverage by increasing the pressure of the nitrogen ,n 
E Z7<* ine MbW f toers by an appropriate amount to obtain a predetermined level of d,ssolved mtrogen 
in bubble-less form in the beverage while continuously maintaining the pressure of the beverage, 
substantially removing the nitrogen from the bores of the hollow fibers; and H „„ MC 
increasingoVdecreasingthequam^ 

ing ttie pressure of the carbon dioxide in the bores of the hollow fibers by an appropriate amount to obtain a 
predetermined level of dissolved carbon dioxide in the beverage while continuously maintaining the pressure 
XT^vTgeZi retaining the dissolved carbon dioxWe and dissolved nitrogen in bubble-less form .n the 

beverage. 

45 23. A process for the carbonation of water for a soda dispense system comprising: 

transporting pressurized water through a check valve into the shell side of a contactor module a J^' 
rainy of hollow fiber membranes having a shell side comprised of the space surrounding , the extenor of the f to- 
so ers and filling the interior of the module containing liquid and a bore side comprised of the space in the bores 

7^SSL. containing gas, the hollow fiber membranes having an average pore size ^le^ than about 
500 Angstroms and a surface having less than 0 1* holes, the membranes being non-f ^able and h avmg a 
P/l for irbondioxdegreater than about 50x10- 6 to about^ 

having at least about 25 sq cm of membrane surface per ml of liquid volume for a Hqu.d flow rate of about 2 

55 liters/minute; 

maintaining the water pressure in the contactor module at least about 20 psig; 
SSusly passing carton dio^de under pressure throughthebore^ 
f icient to provide the desired carbonation of the water in bubble-less form; and 
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tion. 


24. Acarbonationappar^^ 

station, the apparatus comprising: 

a «**™**m»»m*» the Mb. lb. mart*™, 

resulting carbonated water is dispensed. 
25. The apparatus of Claim 24 including a water flow regulator upstream of the check valve. 
25 26. Tneappamtusof C.aim23in^^ 
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FIG. 3 
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FIG. 5 
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FIG. 7 
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(57) The present invention provides a gas/liquid 
contactor module (200) having hollow fiber membranes 
(206) and a process for controlling dissolved gases in 
liquids such as water, beer and the like, by passing the 
liquid through the shell side (212) of the contactor mod- 
ule (200) to allow addition or removal of dissolved gases 
by the diffusion of the gases through the membranes 
(206) into or from the hollow fiber bores. The process 
permits control of the quantity of such dissolved gases 
as carbon dioxide and nitrogen. 
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